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ABSTRACT 

This report 2’s’ a presentation of the dita obtained by Reject 5.3 
on the blast response of a B-360 aircraft flown in the proximity of the 
Shot 9 explosion of Operation UPSHOT-KNOTHCLE. The test aircraft was 
the same &36D aircraft utilized for sisxi.lar testing by Project 6.10 dur- 
ing Operation IVY. ‘The Fnstrumsntation was modified to include addi- 
tional measurtwnts on the horizontal tail. fiesponss measurements in- 
cluded: nose, tail, WLng tip, and center of !:ravity accelerations; wing 
fuselage, and horizontal stabilizer bending moments; and horizontal 
stabilizer shear. Peak overpressure at the aircraft was also measured. 

The purpose of the program was to supplement the blast response ( 
data obtained during the IVY tests particularly to investigate more fully 
the aft fuselage and horizontal stabilizer response characteristics. 
The purpose was accomplished e-pen though the peak loAs obtained were 
not es hi.=h as desq>ed. The peak stabilizer bending moment measured was 
3L per ce&oflLmitload. Peak wing bending moments were somewhat higher 
than those measured during NY but were still only a fraction of the 
limit allowable. The data obtained by Project 5.3, combined with previ- 
ous data, will allow a ccmplete check of the present blast/l.oad theory 
in +he Y. Y.. low ad -+i**m Load ranges. . .."___.. Theoretical extre~lation to loads 
approaching desjgn limit should be confirmed by additional experi..ental 
data. 

The position of the aircraft at blast arrival was such that the 
reflected sho-.k Save arrived lr.4, seconds after the direct shock wave; 
and, because cf fortuitous pfiasinq with low azr!plituds vibrations initiated 
by the direct shock, the peak Itids produced by the reflected shock were 
slir;htly higher. However, iFfth proper phasing and shorter ti.?e interval 
between shocks, the reflected shock couid induce peak loads considerably 
higher than those obtained from the direct shock. 

The data obtained by Project 6.10 in IVY are included in this 
report. 
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This report Is one of the reports presenting the restits of the 
78 projects participating in the Military Effects Tests Program of 
Operation UFSHCT-KYOTHOLE, which included 11 teats detonations. For 
readers interested In other pertinent test information, reference is 
made to XT-782, Summary Report of the Technical Director, Hilitary 
Effects Program. This summary report includes the following information 
of possible general interest. 

a. 

b. 

C. 

d. 

e. 

w w 0 b 
,.._ ..: . _.__.. 

;_, 1 -. : _ _-:_-. _. _. : 

An over-all description of each -detonation, including 
yield, height of burst, ground zero location, time of 
detonation, amoient atmospheric conditfons at detons- 
tion, etc., for the IJ shots. 

Compilation and correlation of all project result13 on 
the basic measurewnts of blast and shock, thermal 
radiation, and nuclear radiation. 

Compi_lation and correlation of the various project 
res?llt, on kK%yns affectu. 

A summary of each project, including objectives 
and results. 

A complete listing of 811 re-rts cwerin;? tne Military 
Effects Tests Trogram. 
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PREFACE 

The primary purpose of this report is the presentation of the re- 
sponse data obtained by Project 5.3 on the exposure of a J3-36D aircraft 
during Shot 9 of Operation UPSHOT-KNOTHOLE. The work was conducted to 
provide data to supplement similar measurements made during Operation 
IR. Because of the direct relation between the work performed on the 
two operations and the desirability of having the composite data avail- 
able in a single reference, the results of both IVY and UPSHOT-KMYX’HOLE 
are presented in this report. 

All usable response data have been presented as curves of the func- 
tion versus time. Data relative to method and conditions of exposure are ( 
included.. Instrumentation details have been omitted, except iwbre non- 
standard equipment or procedures were employed. Analysis of the data 
has been limited to that required to establish the coherence of the data. 

The author tishes to take this opportunity to express h,is appre- 
ciation to the many individuals and organizations rpho have contributed 
to the successful completion of this project. Specifically acknowledged 
in the following paragraphs are a few of the indiv%d.uals and organizations 
who provided the assiduous effort which is so necessexy to the success 
af any operation. 

The untiring efforts of Lt. Francis William, Assistant Project 
Officer of Project 5.3, in accomplishing seemingly %mpossible assignments 
in a mi.nMz-c of tti contributed geatlg to the soxxzess of the B-36D 
participation. 

kuch credit is due the flight crews who take &he risks invoived in 
atomic testing, while relying for their safety upon the proficiency of 
the research engineers. Their cooperation and uiXlZn@ess was most grati- 
iJing . In particular, the author wishes to express his appreciation for 
outstanding ccoperation and &xist.ance to Lt. Col. Jerry Hunt, Aircraft 
Commander; Lt. Cal. Harold Upton, Radar Gperator; -poif P&j. Samual Baker, 
Flight Engjneer, all of the Strategic Air Command. 

The portion of this project using the point &ad method was super- 
vised by Y!. J. C. Lehmkuhl of the Strclctures Bran& Aircraft Laboratory, 
WADC, Mr. Leh&uhll s interest in the point load met&d rendered possible 
the measurement of the E&36D horizontal tail loads by this new and corn- 
pletely independent method. 

The assistance of the Cook Research Laboratories and the Consoli- 
dated Vultee Aircraft Car-poration in conducting the point load calibrh 
:Lon was veatly appreciated. 

7 
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The calculations made to select the aircraft positiars wre ac- 
complished by the Allied Research Associates, Inc. This infomation Is 
absolutely necessary in a proj@t of this type. 

This writer is grataful to have the opportunity at this time to 
express his appreciation to the personnel of the Ditisim of Research of 
the University of Dayton for their valuable assistance ti the reduction 
or the test data and the writing of this report. In particular, the 
personal interest and individual. attention given by Mr. Edward Freeh in : 
the writing of this report was most gratisying. 
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IKI’RODUCTICX 

:;ith the recent advances in the developnent of high yield nuclear 
weapons, it has oeccme in-reasizqly izc,ortant to consider the effects 
of the weawn upon the delivery aircraft. CajdAlitits of present o-ra- 
tionas toz;r c!z.txt Crcraft , as n3w ;clom, uiil not petit the delivery 
of weap0r.s above certain sizes; 
allowable fkcr7.a1 or 

the limit yield is generally based upor+ 
olzit daza?e to the delivery aircrt.flt, although in 

speclf:: ” izstanzes other irea;oh effects could be controlling. The maxi- 
,mz size l ‘;t Cari Le safeiy delivered b] a particular aircraft depends _.. 
to a crest extent upor. the deiivery teckique employed. .because of the 
ZLZi;0: :ole bss igned to 3-36 aircraft in the over-ail war p1ac., a know- 
led7e of 5f.e r.axizxi Se’ 
pr i.&r;. 

,iver:r capabilities of this tEe aircraft is of 
kterest. nccordin+y, in Operation T’E tiere there occurred 

the first Test of a zuciear device of megattx “yield, an instrumhted B-?6 
aircraft ‘ias exposed to obtain them& a33 Gist response data that could 
be used for the verification or codfficaticx of existing analytical tech- 
hicues erp;oyed to correiaze aircraft respmst ‘dith themal and blast 
forcin= f+;r,ct ions. The ritst induced lxc!s obtained during the two ra 
s.xts iiere too low to prcvide adequate verifkation of the blast load 
‘,keory at loads approachin,; tke 3xk~.z~ capab%Lties of t.he aircraft. 
In additix., +,he response dhta froa I’E show&! th;t the aft fuselage and 
er_.rer.na;e of the b-j< aircraft iler* ii,orL: vulr.+z--ble tLn LC previcusly 
beer, rec:t._r.ized. In vieu of the obovs , it w& deered slvisable to instru- 
Lent fu.?ker the err.oenna.:e of the k-;?6 aircra.2 and to x-expose it in 
O_qration L’PSiiCT-i3~3C~ at a hipher input level. 

1.5 0F+L-~~:TI’Iz 

The oblective of this investigation was to suppieneht data obtained 
in IVY on *,he blast respocse of a S-36 aircra,Pt flying in the vicinity 
of a huciear detsnation. The 2ata will be utLi_iized to substantiate the 
blast/loGl theory ec;,loyed to co:rslbt,e alrcrd't response xith blast in- 
put. The *ul.timte o;_ie;tivc is the ceterrrizxim of the naxkmun delivery 
capaEi1 ities 0” the 3-25 aircr;l:“t. 
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1.3 NATURE ~3 scorn OF ~T~CATICN 

In essence, the work consisted of positioning an instrumented air- 
craft at saw point in space relative to the burst point of 8 nu.clear 
dsrfce and then of rrrsasuring certain of the aircraft responses for compar- 
Leon tith values obtained analytically. Since the purpose of th.e work 
u&s to dstermine delivery capabilities, the aircraft was manned during 
the test, and the flight pattern was one that could be used for a bombing 
UdEShl, 

‘The mum B-36 aircraft employed in Ivy blast effects testa: was 
further instrumented for exposure in Shot 9 (8 l4ay) of UPSHOT4MTHME. 
Instrmentaticm included the measurement ofr overpressure; wing,, fuselage, 
and horizontal stabilizv ber.ding momenta; horizontal stabilizer shear; 
and nose, tail, wing t$p and center of cavity accelerations. In ad- 
dition, photop,aphic instrumentation was employed to measure ancl record 
the deflection of certain components. 

KOTE: The remainder of this report is written as a composite pmsentatlan 
of results obtained by Pmject 5.3, UPSHOT-KSOT’HCLS, and by Project 6.10, 
IVY, as ner.tioned in the Reface. 
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This chapter is divided into three main sections presented in 
approxixate chronological order covering the following subjects: selec- 
tion of aircraft &cd criteria for c.qx?sure, instrumentat!lon and cali- 
bration of aircraft, and field testing procedure. A brief history of ) 
the operation is i_ivcn below. 

Doth the E36D aircraft and the B-r*78 aircraft were SAC (Strate ic 
;Iir Corx@nd) aircraft ass-&ed to &DC (Wright Air Development Center f . 
he b-363 aircra:‘?. es manned by a crew from SAC; the &r?7B aircraft by 
a i;ADG crew. The 6360 aircraft was instrwnerted by per:sonnel frcm XADC 
Aircraft Latoratory during the period .9 May 1552 to 15 June 1952, while 
the aircraft was located at rr’right Field. Calibration of the aircraft 
by the Structures Test facility of Aircraft LaOoratory was completed 
15 August 1952. Following mintenance work performed at Carswell APB, 
the ;P_36C aircraft has frown to tne forward area arriving at iiwajalein 
on 21 SeFtexber i952. The M.78 aircraft uas instrument~ed by AIPL 
(Aeronaut ical Ice ?esearct: Laboratoryj and readied for o'vcrseaa flight 
at i;rQht-Patterson APE. Insufficie-.t time m availablfe for calibration 
rr: p* &or to overseas zore.zent yrizwily because of wbtenaxze difficulties. 
It arrived at Kwsfalein on 2 October 1952. Zoth Aircraft participated 
in the ?:ike (1 :;o-;ez2 er 1952j and King (16 Korentber 1952) shots of IVY, 
The K -34D an:! .B-&?b aircrjft returned to the USA on 2l !Iovsrcber 1952 and 
23 Koverrber 1952, respectively. Follodng the return, Structures Test 
facility perfomed a check calibration on the a-36D aircraft and a com- 
plete caiioration on the D-472 aircraft. 

Prior to pa._tici;ktion in Shot 9 of UE%?‘-iC;CTKLS, the empqwqe 
oi tne &- j6D aircraft’ was more corcpletelp instrumented. Insufficient 
ti?e was available lor calioration prior to ihe test; however, an i.nStN- 
mentation SenSititit check tias performed at GVX (Consolidated Vultee 

, Aircr;ft ZorFratim f to detemirie attenuation settings. For partici- 
pation in the shot the aircraft was oasad at hirtland 26 in Albuquerque, 
arrivin; t&re af;.ro;CiSrJltPly 2 weeks cefore 30t 9. After the test the 

. :,lrcrdft iaz frown :o For, 'kort-th, Texas, wheri Convair -_aXxatei the 
exFerna.:r ir,s:rmen:dt,ion by tr,e point-load system, hs well as by the 
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distributed-load or conventlonal calibration procedure. Technioal as- 
sistance was provided by personnel from the Cook Research Labor’atories, 
Inc., who wre also responsible for reduction of the calibration data. 

2.2 SELZCTICN OF AIRGlAF’T AND INPUT LEVEB 

This work was conducted as a part of the over-all problem of de- 
termining de1.ivm-y capabilities of bombardment aircraft. In particular, 
It was ~concerned with feasibility studies rel&tive to the delivery of 
high yield nuclear weapons. The actual weapons had not as yet been 
developed for air delivery purposes at the time the test aircraft were 
being selected. Aircraft cmsidered were limited to those which, from 
preUsinmy estinates of probable over-all bomb size, could accommodate 
the rr.egaton yield weapons being developed. In the planning stages of 
this experiment available infomation indicated the present E36 airc 
craft would be capable of carry&g bombs of the megaton field range, 
although its ability to dell’ler this weapon safely was not Imown. The 
ability of a B-47 aircraft or a &SO aircraft to accoemdate a weapon 
of this size appeared doubtful. Consideration of the operatioml cap 
abilities of B-50 aircraft suggested it was unlikely this t;rpe aircraft 
would be utilized for delivery of high yield ueapom, In view of the 
above, plus the fact that structural response data had been obtained on 
B-50 aircraft during GREZEBHOUSE and was to be supplsmmted during 
UF’SHOT-~WITHQLE, it was decided to exclude the S-j0 aircraft. 

Because of the major role assigned 8-36 aircraft in the clver-all 
war plan and because of the probability B-36 aircraft can carry and 
deliver .high yield bombs, highest priority was given to deter;rdning the 
n-atinum delivery capaoilities of 1~36 aircraft. It was considered de- 
sirable to include al.60 a FM+7 aircraft in the program even though 
budget and manpower considerations would not allow as complete an in- 
st,rum~c?*?ion program as was designed for the .I%34 aircraft. 

The primary consideration in the selection of input levelis was 
personnel safety. During IVY the Weapons Effects Element was responsible 
for positioninv the aircraft at the optimum loztion for the accomplfsh- 
ment of the rrlssion with due regard for crew safety. Ln determining the 
danger regions for r&nned aircraft, five xea.xn effects must be con- 
sidered. ihese nzjr se summarized as foilows: 

1. Direct earm~ rediation 
i. Thermal radiation from the fireball 
3. Samma radiation and turbulence within the cloud 
4. Overpressure of the shock wave 
5. Faterid velocity (gust> of the shock wave 

Aircraft maneuvers were designed so that themal and bla:st inputs 
received would be similar to those that would be experienced on a straight 
and level flight bombing r%n. based upon the above flight configuration, 
calculations were m&e as to the r_i.nirrum safe <istame for each of the 
tuo aircraft at detonation time irrrd shock arrival. Prelirninayy analysis 
showed t&t the l>ztin~ criterix Las either t2.e teqerature rise of 
the skti or the +st-induced structural lads. :+k&zx~ allowatile skin 
tf2:n: crr;:.xe rises, set by the University of Califcmia, at Los Anceles 
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(UCLA), were &CWF for the 0.020 in. magnesium skin of the 046 aircraft 
and 35ooF for ths O.O2%3n. alu&num skin of the 3-47 aircraft. Gust 
loads were not to exceed 100 per cent limit load for any component. Cal- 
culation of blast-induced loads was prinwily the responsibility of 
AlJ.ied Research Associates, Inc. (AM). Calculations relative to thermal 
radiation were performed by ULU. 

Utilizing the most conservative realistis values for all variables 
not firmly established, it uas deternined that the positioning of both 
aircraft for IVY would be based upon the maximum allowable skin temper- 
ature rise. For the lower yield ueapon employed in Shot 9, UPSHOT- 
KNYl’HOLE, gust-loading was limiting. The exact position assigned each 
aircraft for the three shots is given In paragraph 2.1, Field Testing. 

Since ‘both instrurmnted aircraft were manned, many of the problems 
related to data-recording were minimized. Remote control (external to 
the aircraft) of equipment and telelaetering of the data were not neces- 
sary. The equipment wars located in a heatod, pressurized compartmbnt 
so that tc,npteture and pressure extre.zes were not encountered. Air- 
craft vicratlon and shock acceleration in the air and also humidity, 
funqi, and salt spray on the ground uere the main considerations 
governing recording equipent selection. c 

The smslnt elements, being located for the Epst part in regions 
that were neither heated nor Fressurized, were subjected during each 
flizht to kide tclr.perature Wd pressure fluctuations, as uell as to the 
above rrmtiored adverse environmental conditions. In addition, certain 
sehsing devices were subjected to thermal radiaticn, either directly or 
indirectly. Yhe above factors were considered in the selection of tin- 
strurf.er.tation. 

The za:or portion of tize ir?strumentation was devoted to measur- 
arid recordin< aircraft responses including hendiw, shear, torsion, ar.d 
acceleratio: aeasurezents. To facilitate correlation of 5nput and re- 
sronse, oveq?ressure .measuret=ents were also made. 2eneral flicht data, 
r-ich as airspeed, Ltituie, a& criCt=tion tith respect to the burst 
point, iiere ?etermk.ed a:.d recorded. Fhoto graphic mstrumer.tation was 
ezploye2 for visual resrons2 ,ietermin2tions. 

2.J. - 1 Incuts and Fli,-.ht Cata 

Tine measurement of ovrrpressare-inputs and the obtaintic of 
general fli-bt d.ata, such as airspeed ;.nd aItitu<e, are discussed +A the 
s&-parairagx f’ollouin~:. Sta..dard aircraft equipreent was used to deter- 
nine the desired flight vziables. 3%&inr; e(,uipnxnt. was modified in 
soze instar.:es to provide additional indicators for use by izroject 
personnel opratiq the instrumentation equipment. 

2.3 .l.l Cverrressure -- 

?.o types of Instrxer,tztion ‘were employed for -e;lrurinq over- 



the prOS6UW 6UnbitiV6 8h66nt. &3CWSe the output & the cry6tal was 
quite low, significant a%plifiCatim of the Si@al was required prfor 
to recording. At the osc~oscope-camera recording tit the signal wa6 
fed into tuo amplifiem, one set to produce full-scab deflection for 
2 psi in.xt and the other set for a full-scale dcfle&ion with a 6 psi 
input. The equipment ‘was designed with a frequency mponse of 50 to 
250,000 CpE. 

The other method for maSuFing overpreseure f&puts employed a 
Hodel 3P;IDlcM Viancko pressure transducer oapable of wuuring pressure 
differentials ta 10 psi. The pressure pick-up consiat.ed of a torsional, 
straight line Bourdon pressure element. To this was attached a variable 
reluctance armature which was caused to rotate in accordance with precl- 
aura variations on the sensing elenmt. Consolidetmi Engineering Corpo- 
ration 3 kc carrier ec@pmnt was used to amplify tb6 gage output and 
supply a pro.mrtional DC signal to a recording oscfUegraph. The response 
to pressure iias linear within a *-3 per cent up to 500 cps with a maximum 
rise time of 0.7 msec to 90 per cent of the full-r&e output. 

2.3.1.2 Altitude 

The altitude of the aircraft above MSL was determined by aeve+ 
al pieces of non-recording equimt, namely: Radio Altimeter SCR-n8, 
Radar bombing System (“K” system), and the standard aneroid altimeter 
used by the navigator. The aneroid altimeter was *least accurate of 
the threw; however, it was the only instrument that could be used during 
zero time, The procedure followed was to check the radio altimeter and 
“K” syz!:ez radar ayainst each other. If agreement *ib obtained the aner- 
oid altimeter was made, to correspond with the more accurate electronic 
equipment. The aneroid alttieter was continually cbcked against the 
radio a:Ltineter until shortly before zero time when the radio altimeter 
was shuj: off. Periodic aititude readings were recork! by the navigator 
in the .fli:ht log. 

2.3.1.3 Airspeed 

Airspeed measurements were made by means sf the navigator’s 
a:r;geed ddicator instalfed iz the akcraft. Ln Sac1 &-c-aft the in- . . . 
strument xas calibrated using the ‘W system radar. The radar eauipnent 
was used to determine wind velocity and aircraft velocity relative to 
the <round. iu’ith this information the correct 3hdi.zted airspeed could 
cz c&c-dated. Airspeed indicator readings were rebxdad in the flight 
log periodically by the navigator. 

2.3.1.4 Position_ 

In this paragraph are described the equivt used to deter- 
mine the location of the aircraft as projected on md measured with re- 
spect to some point on the earth’s surface; i.e., psition without regard 
to aircraft altitude (in so3e instances altitude ~16 a;so deternined as 
a secondary result). Ezthods at-&d equipment are &xn.kelow: 

a. ?adar Navigation 
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b. Eombing Equipment, Optical 
c. Aerial Happing Camera 
d. War Tracking from Ground 
e. Station Keeping, .War 
f. Optical Ground Tracking 

Sight 

In the radar navigation method, the afrcraft radar Is used to 
detersAne the slant range distance to various targets placed at knoun 
location6 in the test area. Yaowinq aircraft altitude, it is possible 
to calculate psition using the above slant range data. Cata recording 
was accomplished by means of radar scope photos. 

ic’ith the opti:al bomb sight, visual sightfngs are made on land- 
marks or targets :indicated on a chart and the aircraft position calcu- 
lated. 

The aerial copping camera is activated rhortly before time 
zero and operates through detonation tirze until the film is exhausted. 
The exact tire of each photographic eqxsure was recorded by the oscil- 
lograph. If the (aircraft flies over terrain having some recognizable 
fea+.ures, it would oe possible from scrutiny of the aerial photographs 
to chart the course of the aircraft as a function of time and determine 
its loct.tion at zero t&e. 

The slant ran;e and azimuth data from ground based radar track- 
1~;: cqiyrr;ent can te used to d6termi.r.e aircraft location. This equipment 
s: so gives an approtite altitu?e figure and was used primarily for 6 
monitorin,- parroses to deterrAe that aircraft would not be in a danger 
re:ion at burst time or shock arrival. 

“St;: t ion keeyir.g” ic the method whereby an aircraft is posl- 
tioned by raLzz-c.taintni? a fixed oositix kith respect to another airborne 
:.Lrcr;:‘t, in tni.2 instance the “drop” aircraft. The two aircraft fly 
at constant ) thou.:h i‘ossibly dif:‘erer.t, altitudes. If the difference 
in al:it,ude is known, t?.en the position of the test aircraft can be ex- 
pressed Fn terzss of a cehrin: ;r.d slant rance to the “drop” aircraft. 
ihe cxrect cearinr ani slant raz,?;e is r&intained by use of radar. 

Two-sta&.ion oy;ticai 6;rour.d trackin< can be used to dete&e 
Aircraft position if altitude is known. Cperation depends upon measuring 
the azi:nuth ani elevation angles from the ty> ground stations to the air- 
craft 2s a r***c+ion of tize. ._._U. L’xact loc..tion of ground stations must be 
known. 

2.3.2 ?es:or.se !leasr:rcfi.ents 

Aircraft reaction to clist loadin: was measured in terms of ac- 
celeration, skear, torsion, Fzrd iencihi response at various points on 
the structure. ‘f:?e sensin: elec;er.ts or devices used Cor these reasure- 
ments in all instances ezcloyed the strain cage rrincicie, uhich rrakes 
use of the fact t%t the resistar.ce of a .hire varies in direct proportion 
to its elon,;ation *Athin the elastic Lizits of the hire. Strain gages 
are tide of especially corn:ounded uire :h&t can be either bor.zed to a 
pnrt of a etr.Jctllre or stretcr.tiz Letueen two ooje:ts that rove relative 
to each other. ‘Y.ze fo.zr.er a~~li:ttix ic ,:eneraLl:r used when reasurtinq 
th? Etrain in a structl:rnl :-e:-.r,er. 1 he Ltter a;r:ic&tlcr., the un’bcnded 
:jt,raLY 72.-e, is ,:er.t?rally o7t~rlo:;ed 2. r-ezific ?~r.si.n- devices such as 
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pressure transducers and accelerometers. Because bending, shear, and 
torsion in a structure can be determined by proper measurement and inter- 
pretation of strains developed/bonded strain gages may be used as the 
primery sensing element for the measurement of these response functions. 
Consideration of the factors mentioned in paragraph 2.3 led to the choice 
of BaldwIn EBDP43D strain gages for all bcnded strain gage use. These 
strain gages had a nominal resistance of 350 ohms and were temperature 
compensated. ! 

Prom previous experience it was known that the major problem re- 
garding strain gage use wtxld be the obtaining and maintaining of a good, 
atmosphere-tight bond between the gage and the metal. Several methods 
were trjed but, because of time limitations field testing was precluded. 
The method fin&y adopted for strain gage application was the conven- 
tional procedure employing,Armstrong cement as the bonding agent. 

2.3.2.1 Eendinx Home+ 

Bending momer.t measurements were made on the wings of both ai- 
craft and the fuselage and horizontal stabilizers of the &36 aircraft. 
The bending moment gage Comprised four strain gages bonded to the primary 
structure and COnrIeCted electrically 80 a8 to produce an output propor- 
tional to the bending induced. A typical bending gage installation em- 
ployed for two-spar structures and a schematic diagram of the electrical 
circuit are shown in Fig. 2.1. The resulting strain bridge, a four-ac- 
tive-arm Wheatstone bridge circuit, is relatively unresponsive to loads 
other than those producing vertical bending. In some instances the bend- 
ing of individual spars was measured and the bridge outputs combined, in 
a Fmcr determined by special calibration, to give tatal tending moment. 
The installation was e:ssentially the same as that shown in Fig. 2.1 for 
the two-spar structure, exce@ that all four strain gages were placed 
on the one spar, two at the top and two at the bottom, using the same 
electrical interconnection. In the ii-360 aircraft, fuselage bending is 
absorbed by the fog main lonqerma. To determine fuselage bending, one 
gage was loc&ed on the inside of the outer flange of each longeron for 
a total of four gages. The standard bending gage bridge circuit wra 
employed to combine st.rain gage outputs. 

2.3.2.2 Torsion -- 

The torsion bridge, an zstallation for direct neasurement. of 
torsion, was located ‘in the left outer tig panel of the B-36 aircraft. 
Sixteen strain gages were located on the inside and outside surfaces of 
the skin between the front and rear spar; eight gages on the upper skin, 
four inside and four outside, and eight gages on the lower skin. X 
sketch of the installation and schematic circuit diagram is shown in 
Fig. 2.2. The resulting circuit is essentially a four-active-arm 
?iheatstone b,ridge circuit somewhat analogous to the tending gage except 
that there are four strain gages !?er arm. 

2.3.2.3 

0 0 0 _ 
_’ . . . 
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Shear _- 

Two tyl;es of sheu r.a;zsurerr,ents were nade: the direct measure- 

22 



---_-_._-.-_--- __.. _ __---.__. ._ ._ ._ 

amvrm T 
GALVAHOKREII -I 

Fig. 2.1 Typical bending Cage Installation wi~Schematic Circuit 
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Fig. 2.2 Typical Torsion and Shear Gage Installation uiti Schematic 
circuit 
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swnt which1 employed a shear gage designed to cancel the effects of tor- 
I- sion and measure total shear on the component directly, and the indirect 

.- method, wherein the shear 
&@ 

individual structural members was measured. 
The output, of the latter Gage was not used directly but was combined 
with the output of other gages in accordance with an empirically deter- 
mined formula to yield a value for total shear. 

As with the torsion gage, the shear. gage employed 16 stro& 
gages and was likewise located in the left outer wing panel of the ~-36 
aircraft. Placement of the strain gages on the webs of the front and 
rear spars and the electrical interconnection therecf are shorn! ln 
Pig, 2.2. The resulting circuit is a four-active-arm ‘&eat&one Gridge 
very similar to tha,t employed for the torsion gage. The installation 
used for measuring shear in a single spar is shown in Fig. 2.3, 

i 

2.3.2.4 Acceleratiqn 

The Statham, Type A-18, accelerometer was used for all acceler- 
ation measurements. Accelerometers covering the range of A:6 g and 
Z12 g anti having a~ nominal bridge resistance of 350 ohms were selected. 
These transducers are accurate to 1 per cent of full scale with a rc1 
spnse to transverse acceleration of not more than 2 per cent. Dammfng, 
a.4 to 0.7 of critical, xas provided by a special silicone fluid. Tell+ 
cerature of the unit was maintained constant by means of an Internal, 
tkermost~tically controlled, heater unit. 

2.3.3 zesponse Sijp Convention 

For convetkience in indicating the direction of response, an arbi- 
trsry sign convention had been adopted for use in this report. Zn the 
de,“: Ations izlow, b ncrrrtl flight configuration is assumed. ‘The 
Fositive direction for the various responses is &fined as follows: 

a. 

b. 

C. 

d. 

e. 

f. 

Acceleration, Kormal - an increase in the upward velocity 
or decrease in the downuard velocity of the aircraft or 
any component thereof. 
aending (Aft Fuselage) - tail deflection upward, c.ozlFreasion 
in upper surface. 
Ler,din,g (‘Air@ ir.d Stabilizers) - tip deflection i;;varC, 
co.mpression in the upper surface. 
OverprIes sure - the dlfferer.tial pressure shove akient prea- 
sure. 
Shear (:lins and Ctabilizers) - tip deflection upward; same 
sign as positive bending. 
Torsion (Xing) - leading edge of wing deflected upward with 
respect to remainder of wing. 

2.3.4 gecording Equipment 

The major portion of the dat a was recorded by means of a standard 
recording oscillogreph. Xhere very fast response ‘Gas required, a -edified 
ozciiloscore *tith a recordlrr czera was em-loyed. The princizls of oper- 

. P L’rsn <n:i &__.._ :a1 ien+ featuzz of the recorders and associate cr;uinr,r3.?. are 
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PCUN S’tAIN GACES (WXZ 
1' Am 2' al cmcsxw cIDe 
N0T%CW) 

BUDGE VOLTM;E 

Fig. 2.3 Typical Sixgle Spar Shear Gage Installation withSchematic 
Circuit 
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discussed in the susparagraphs below. 

2.3.1.1 Recmdinn Oscillonrap& 

Consolidated Engineering Corporation, Type j-l&P-3, 18-&m- 
nsl recording oscillographs were used to record aU response measure- 
mente. Selection was based upon previous experience which indicated 
this equipment., if properly installed, would adequately record the de- 
aired data undler the anticipated test conditions. Further, the equip- 
ment was immediately available. The oscillograph was made insensitive 
to aircraft vibrations and blast-induced shock accelerations by simple 
shock mounting. No special modifications, other than provisions for 
increasing pal39 speed by overriding the governor, were deemed necessary. 
Pertinent infcrrznation relative to the oscillograph and operation thereof 
is summarized below: 

a. Active data channels . . 18, plus one dynamic reference 
b. Power . . . . . 
c. Paper width . . . . 

. 24-28 volts DC 

. 7 in. 
d. Paper length . . . . . 125 ft 
e. Record speed used . . . 6 in./sec 
f. Approximate maximum 

recording time . . . . 250 set 
t 

g. Timing marks . . . . . 0.01 set intervals 

Outputs from the sensing elements are in the form of fluctu- 
ating DC voltages. Operation of the oscillograph depends upon converting 
the electrical output of the various gages into a proportional galvanome- 
ter deflection that can be recorded as a function of time. To accomplish 
this', oscillographs are equipped with galvanometers of the D'Arsonval 
type having a mirror attached to the upper tension support. Thus mounted, 
the mirror follows the movement of the galvanometer coil. To record the 
galvanometer movements, a beam of light is reflected by the mirror onto 
a mvi_lg sheet of photosensitive paper. The resulting trace on the ph- 
tographic paper is a permanent, time-history record of the variation of 
the response function being measured. Salvanometers are chsen on the 
bases of sensitivity and frequency response required for the type of 
measurement being made. k separate galvanometer is used for each chan- 
nel ,, 

A Consolidated Engineering Corporation Type 8-1&A i3ridge 
Balancing Unit was used to couple the sensing devices to the oscillo- 
graph and provide the proper bridge voltage and bridge balancing resist- 
arIce. In ad,dition to the above functions, the bridge unit also provides 
a kzlown bridge unbalance for calibration purposes, adjusts the input cir- 
cuit resistance so that the galvanometer is properly damped, and provides 
for signal attenuation. A schematic of a typical four-active-arm bridge 
inc:Luding the bridge balancing unit and oscillograph ie shown in Fig. 
2.L. Bridge voltage, supplied from a 24 volt aircraft Latter), is ad- 
justed by means of the rheostat shown. The bridge is then taianced by 
means of the bridge balance potentiometer so that there is no deflection 
of ‘the galvanometer. If the sensing element xere now subjected to a 
measurable input, the kheatstone bridge would become unb&znced producing 
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a ~Qnalthatwould betransadttedthroughthe bridge balsncingunitto 
the galvanoamter in the oscUograph which in turn uould cause a beam 
of I.ight to be deflected from a sero position on the moving sheet of 
photographic paper. If the signal is too strong, it may be attenuated 
by changing the attenuation switch from position 1 to position 3. The 
calibration device is used as a rapid check on the sensitivity of the 
sptem. It does not aid in determining the relationship bet-n gage 
output and the measured function. The calibration device provides a 
lmom bridge unbalance by putting a resistance in parallei with one of 
the arms of the bridge which In turn produces a certain galvanoamter de- 
flection ubic.h is a measure of the over-all sensitivity. This operatim 
Is generally referred to as a mcalibrat.e step,” If the unbalance Is such 
that the galvanometer deflection is in the direction designated as posl- 
tivo, it is known a~ “cal plus”; if the deflection 2s in the opposite 
direction, it is lcno~ as "cal minus." 

A photosensitive detice manufactured by Edgerton, Geraeshausen & 
Grier, Inc., and known as a “blue box” uas employed to provide a time 
reference on the oscfflograph record. The device is actuated by bomb 
lighting and,, hence, can be used to indicate burst tize. The unit was 
located in the bottom of the fuselage aft of the rear crew compartment. 

2.3.1r.2 mlh Frequmc~ Pressure Recordox 
t 

The High Frequency Pressure Recorder, Type PR-3, was manufac- 
tured by Cook Research Laboratories. In conjuction tith the crystal 
microphone pressure transducer explained in paragraph 2.3.1.1, the system 
was capable of measuring recording pressure transients as a function of 
time. Basically, the system consisted of a prwsure transducer that sup 
plied an electrical signal to the horizontal deflection plates of an 
oscilloscope causing a ‘beam deflection recorded by a continuous strip 
camera. The osciUoscope, a modified Type 27sr Du !tint Dual-Ream Oscillo- 
scope, had an amplifier for each of tw ‘ixams. The gain of these amplifi- 
ers was so adjusted that for one amplifier a 2 psi input would cause full- 
scale deflection while the other amplifier required 6 psi on the crystal 
to produce full-scale deflection. The system WM calibrated in the air 
by introducing a f&G cycle square wave signal of the proper magnitude to 
simulate the transducer output corresponding to a 2 psi pressure differ- 
ent ial. 

2.3.5 _ Photography 

Motion picture photography was employed to measure the deflection 
of various components as a result of blhst loa&ing. Displacements were 
to be measured with respect to the part of the aircraft upon which the 
camera was mounted. The cameras, a total of five, acre mounted as a 
unit atop the fuselage between the wings at fuselage station number 785. 
The b4zg tips, nose, and empennage could he vizwed from this location. 
Pylons were placsd on the wings ar.d aft fuselage as re<erence markers 
(Fig. 2.5). 

The camera3 comprised three 16 ZZI CSAP cameras and two, &de1 H, 
35 KEI Gaera-Flex czzeras. The XiAP czeras &fJ:d Camera-Flex cameras uere 
or,rrated at speeds of 64 frames Per second and 128 frames per second, 
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IWpCtiYtdy. The cameras were disposed as follows: one CUP and one 
Camera-Flex c&era tieuin~the left wing, one CSAP a& cut C&era-Flex 

camera tiewIng the tall, and 
a10 GSAP camera sight- for- 
uard,along the top of the fum- 
lags. Figure 2.6 shm the 
camera installation with the 
cover off and cover in place. 
Operation of the camerae uaa 
controlled nuumaUy bl a switch 
in the aft crewcompartment. 

Location of the senelng 
devices and inotnumnt~tlon 
equipment installed In the two 
ajxcraft is described for each 
aircraft In the sub-paragraphs 
below. The instrumentation of 
the Individual aircraft wad not 
changed between Mike a& King 
Shots. For Shot 9, additional 
instrumentation was added to 
the 8-36 empennage. 

2.3.6.1 B-36 Aircraft 

Fig. 2.5 Pyiona, ILeft Wing 
B-36 Aircraft 

The location of sens- 
ing elements and recording equip- 
ment utilized on the R36 air- -. _ 

craft for Ivy is s'hown schematically in Fig. 2.7. The code nun&era are 
used to cross-reference Fig. 2.7 and Table 2.1 which supply adtiitional 
detail on the various installations. The aircraft was instrumented for 
II+ response and tuo input measurements. The pressure transducers were 
mounted In the boon on the left xing, shown in Fig. 2.7, to minjmize the 
influence cf the aircraft on the free air overpressure measurement. In- 
strumxtation xas located either in the fuselage or the left side of the 
aircraft,, except for one bending gage installed in the right wing to check 
loading symmetry. The method of installing and electrically connecting 
the various gages has been discussed earlier in paragraph 2.3.2, which 
also includes sketches of typical. installations. 

2.3.6 Location in Aircraft 

The oscillographs and associate equipment were located in the 
aft crew compartment shown in Fig. 2.8. The view shows the left side 
of the compa.rtument looking forward. The table occupies the space nor- 
zally used by the lower bunk. Two of the four oscillographs mounted on 
the table are shown. The oscillograph in the foreground was used to re- 
cord blast data; the remaining three were used to record thermal data. 

To facil.itate switching from main to spare gabes an_ to permit 
recordin any of the gage outputs on any of the 16 channels, a selector 
panel, s!?own in Fi.g. 2.9, ~3s instsrlled. 'PL ,,,e bridge balances employed 
are also shown. '?he high frequency pressure recorder used in the measure- 
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Fig. 2.7 Location of Inatrynentatlon in EL36D Aircraft for IVY 
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TABLE 2.1 - Instrumentation, 536D Aircraft, IVY 

ieference 
Number 

1 
2 
3 
4 

2 
7 
8 
9 
16 
11 
15 
13 
'14 
i5 

__- 

Measurement 

Acceleration 
Acceleration 
Acceleration 
Acceleration 
Acceleration 
Pressure 
Shear 
Torsion 
Bending Moment 
kidiiig Home& 
Bending Moment 
Bending Moment 
bending Koment 
Bending Noment 
Lending Homent 

Calvanometer 
j-pe (CEC No.: 

7-2l5 
7-225 
T-225 
7-239 
7-?39 
7-223 
7-215 
7-239 
7-215 
7-Y-15 
7-215 
7-215 
7-215 
.7-215 
7-215 

.- 

3, 
\” 

Location 
Component \ 

Nose Wheelwell, Fus. Sta. 112 * 
Lower Right Main Longeron, Fua. Sta. 907, (bnb 

"J 
) 

Lower Left Main Loneeron, Fus. Sta. 907, (Bomb Bay 
Rear Spar, Horizontal Stabilizer, Fue. Sta. 1770 
Wing Tip, Left Wing, Sta. 1340 
Boom on Left Wing, Sta. 1301 
Front h Rear Spar Web, Left Wing, Sta. 1062 
Upper & Lower Skin, Left Wing, Sta. 1062 
Caps, Front C Rear Spar, Left Wing, Sta. 1062 
Cups; Front & Rear S-par, Left Wing. Sta. 604 
Caps, Front Q Rear Spar, Left Wing, Sta. 390 
Caps, Front & Rear Spar, Left Wing, Sta. 110 
Caps, Front & Rear Spar, Right Wing, Sta. 390 
Upper & Lower Main Longerons of Bomb Bay, FUS. Sta. 1040 
Caps, Fro& B !?eAr Spw, T-P, Stmhiliror Sta 62 I”. ” - “.e-___--_ L --: 

..- ---- 



Pig. 2,,8 Oscillogrophs and Bridge Balancee, Aft Crew Cmpartmsnt, B-36 

Fig. 2.9 Selector Panel, Aft Crew 
Compartment, IS36 

Fig. 2.10 High Frequency Pressure 
Recorder, Aft Crew COD- 
partment, L36 
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ment of ,the peak overpressure of the blast wave is shown in Pig. 2.10. 
The Fairchild conitinuoua strip camera is shown in position. O&at&m 

of 8ll recording equip 
psnt, including the 
camma measuring com- 
ponent dsflsctfon, ma 
controlled sronone 
panel shown in Fig. 
2.U. The blue box 
fiducial was mounted 
in a specially con- 
structed housing in the 
bottom of the fuselage 
aft of the rear crew 
compartment. The hous- 
ing had a window facing 
to the rear to admit 
bomb light to the In- 
atrumsnt. An external 
view of the Installation 
is shown in Fig. 2.12. 

Fig. 2.11 Master Control Panel, iL36 

Fig, 2.:!2 Housing for blue Box ikneath rift 
Fuselatge, EL36 

to obtain total bending, 
mented zstations, 

2.3.6.2 E-l.+? Aj rcraft V 

Zlast response 

total she=, aA torsion 

Instrumen- 
tation for UFJSHOT- 
IWTHCUS was the same 6 
as that for IVY except 
for the additional 
measurements mpde on 
the horizontal tail. 
Figure 2.13 in conjunc- 
tion with Table 2.2 
shows the instxwnen- 
t&ion employed. A 
total of 11 strain 
&annuls were recorded: 
two were a direct meas- 
rtrement of total ber.d- 
kq.~; six measured the . 
s&ear of ‘Lndividual 
wrs; and the reTaL?- 
kng six measured the 
beznding of individual 
S+rs. Outputs from 
the 12 single spar shear 
md bending strain 
bridges were combined 
82% the three instru- 

instrurwnt3tion of the B-&7 aircraft was limited 
to four n,easure3f?nts: two wing bef,dir.g momerlts and two accelerations. 
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TABLE 2.2 - Xnstrumvntation, &36D Empvnnagv UPSHOT-IQWTR~ 

Ref vrvncv 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

Mouswantvnt 

Spar Shear, 
(One Bridge/Spar) 

Spar Shear, 
(One Bridge/Spar) 

Spar Shear, 
(One Bridge/Spar) 

Spar Bendln , 
(GTM Bridge Spar) $ 

Total Bending, 
(One Bridgs ?&al) 

Total Bending, 
(Ona Bridge Total) 

Calvanamvtvr 
Typo (CEC No.) 

7-215 

7-215 

7-215 

7-212 

7-212 

7-212 

7-212 

7-2l2 

Loc8tlon 
Qxnponvnt 

Front & Rear Spar, Right Horizontal 
Stabilizer Station I& 

Front 6t Rear Spar, Right Horixontai 
Stabilizer Station 62 

Front & Rear Spar, Lvft Horisontrl 
Stabilizer Station 62 

Front B Roar Spar, Right Horisontal 
Stabilizvr Station 144 

Front & Rear Spar, Right Horizontal 
Stabilizvr Station 62 

Fmmt&RowSprr, &of% liorizontd 
Strbilirvr Station 62 

Front&RoarSpar,Rl.&t Horizontal 
Stabilizer Station 62 

Front t Rear Spar, Left Horizontal 
Stabiliser Station 62 I 
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Figure 2.14 fs a schematic 
cation; Table 2.3 provides 

- . 

of the aircraft showing instrumntatlon lo- 
additional details. The bending gage8 measured )i.'. --- I).:?;:-. b :. _-- ‘ .‘I 

total bending moment and were similar to those used on the wing of the 
B-36 aircraft. The oscil&ograph was installed in the aft portion of the 
cabin and operated remotely by the co-pilot. A view of the Installation 
is shown in Pig. 2.15. 

pig. 2.15 Oscillograph Installation, B-478 Aircraft 

2.3.7 Calibration 

Because of the difficulty involved in predicting the precise re 
sbnse of a particular part of a complicated structure for a given load 
condition, and because of the individuality of each recording channel, 
it is generally necessary to calibrate wilt-up strain gage instrurwnta- 
tion experimentally, by applying known incremental values of the related 
function and correlating gage output uith the applied loads, rather than 
Cy theoretical calculation. The above experimental procedure was follow- 
ed for the calibration of all bendin<, shear, and torsion gages installed 
on both aircraft with the exception of the additional instrumentation 
installed on the B-?6D empennage for UPSHOT-KXITHOLE. The additional 
gages installed on the empennage were calibrated by a system known & the 
"point load" system. With this sgstex a given response function is deter- '-?-'~‘-T~ 
rAned by properly combining the outljuts of several bridges instead of 

.I_._ :_-.-_ . 
- . . ‘_-.-. 

using the output of a single bride, e as in the standard procedure. hs 
;_- _. -. _- _-_ .-_ _. ‘_ ._ 

explained in the !&CA Report T&2943, the Faint load system is capable of 
: _. -_*_-. 

. . .- -*_:.__ _ 
;_ -. -, ‘. ___ :. :. 



'CABLE 2.3 - Inetrumentation, B-47B Aircraft, IVY 

2 
I 

Ehding Moment 
I 

7-215 
I 

Cap, Front and RearSpara,LsftWing 
Station 166 

3 Acceleration 7-212 Center of Gravity, Ekmh Bay hmlage 
Station 587.8 

4 Acceleration 742l2 Aft Fuselage, Battery Compartment, 
Fuselage Station ll2l.S 



greater accuracy than the conventional method, particularly where vari- 
able and irregula@oading is involved, e.g., the center of pressure on 
the wing displaced toward the trailing edge. 

The purpose of any calibration is the establishment of a rela- 
tionship cetueen instrumentation output and the magnitude of the function 
being measured. Experimental calibration is sometimes approximate be- 
cause of the difficulty in simulating actual inputs of a known, control- 
lable value, as for example in the calibration of a pressure transducer. 
3eliability of many eqerimental calibrations, therefore, must be deter- 
mined, in part, from theoretical considerations. The procedures used 
in calibrating the instrumentation installed in the B-36 and B-L.7 air- 
craft were prircilary the same as those ussd in past operations. These 
procedures are described in detail in Chapters 2 and 3 of Greenhouse 
Report XT-3lji' 

2.3.7.1 Pressure and Acceleration 

As mentioned previously in paragraph 2.3.1.1, both the Uiancko 
pressure gage and the Cook High Frequency Pressure Recorder were used 
for overpressure measurements. The former gage utilized a torsional 
diaphra?Tvtriablc reluctance transducer, whereas the latter gage employ- 
ed a crystal microphone as the pressure sensing element. The output of 
‘coth gages was am.plified prior to recording; however, the amplifier&for 
the crystal microphone did not respond to frequencies below 20 cps. 
Thus, the Cook system could not measure static pressure levels as could 
tile k'iz:?c%o g%ge. 

FOF czlitrition, the Xianko gage uas hooked-up as it was for 
actual operation and the circuit balanced for zero galvanometer deflec- 
tion. Using the calibrate steps provided in the bridge amplifier, a 
positive and negative calibration step was introduced into the circAt 
and the resulting galvanometer defiections measured. The gage was then 
subjected to various positive and negative pressures of known value to 
determine galvanometer deflection as a function of pressure, The deflec- 
tions were read as percentages of the deflection ottained for the cali- 
brate step and were recorded as percentages of cal-plus (positive cali- 
bration step) or cal-minus (negative calitration step). The galvanometer' 
deflection obtained in the calibration step is defined as iW per cent 
Cal. The resulting calibration c'xve for tte 

$ 
age is a Flat of pressure 

versus per cent oA c s known calibrating signal per cent call. The cali- 
bration curve was drawn as a straight line, If the data points were 
found to deviate significantly from a straight lime after repeated cali- 
brations, the gage was not used. Theoretically, a linear response should 
be obtained. After the static pressure calibration, the gage was re- 
checked in a shock tube. 

The Cook High Frequency Pressure Recorder contains a calibration 
circuit that produces a 0.62~ l+O'J cycle square wave output which is equi- 
valent in voltage level to the output of the crystal when subjected to 
a blast pressure of 2 psi. This signal is introdxed y&to the system at 
the pressure transd,leer and follows the sar.e path as tkc tra:._dccer signal 
to prkxce C.t~bx-.tely a trace on the photo-raphic record. The maxbum 
displacement cjf ti:e trzce represents the tils$.aceoezt the% h-ill kcf sb- 

tained for a 2 psi Tbytit. if the system is operating properly. Over-all 



Accelerometers were cali- 
brated by sub$xting the instnxmnt 
to known accelerations while coa- 
netted to an oscillograph through a 
bridge balance unit in the manner 
employed for field metasureawnt s . 
Desired accelerations were obtained 

i-i by using t device known as a %hake 
table.” As for the pressure gage, 
positive and negative calibrate steps 
wsre obt&.ned, and the final cali- 
bration expressed as acceleration 
versus per camt cal. A typical cali- 
bration curve %s shown in Fig. 2.16. 

operation of the pressure measuring device was checked by measuring 
blast pressures produced in a shock tube. Accuracy of the instrument 

was found tobs within the accuraq 
of the calibration. 

Fig. 2.16 Typical Calibration 
I;urve for kccelero- 
meter 

2.3.7.2 &n&~. Shear, and Torsion 

The ektibration procedures 
described in t&is section apply only ' 
to inst~t&Son designed such that 
the output of a single bridge, con- 
sisting of from G to 16 strain gages, 

is used to determine the value of the response fuccc!rAon. Calibration of 
the tending, shear, and torsion gages, as defined -&me, will be termed 
S%?J.d&rd or conventional calibration and is basicfly *_he same for the 
three gage types. In essence, the calibration consists of subjecting 
various portions of the aircraft to certain known?lrmds, such that the 
e-<a@ ..+i ,.....I -3” . Y _;al.L.e of a pa*,*,-,. kxticz, for exaz$e, bending moment, can 
te calculzt.92 at a given gage location. Gage out@3 are then related 
to the calculated values of their related functionover the desired 
range. 

To calibrate for wing bending noPer%, it was necessary to sup- 
port the aircraft at points along the fuselage so%& no load was car- 
riti oy 1andir.i: gear attached to t~ie wings. A death weight relieving load 
was tnen applied at various points along the .zLng xnd. the cages balanced 
for zero output. Incremental distributed loads wenethen applied in 
gradually increasing amounts up to a maximus' a.ilow&ie value and then rc- 
moved aFain in a similar step-wise .asnner until the zero stress condition 
was again attained. The gage output was reccrtied mch :ixze the amlied 
lozd S3 changed for both the 1oadl.y; and unloadinrphases. The qages 

were calibrated for both up-bending and down-cend5-q. Calioration steps 
were e,ql.oyed as cefore and the final calibratlonxqressed as in-lb of 
bending moment versus per cent cal. Calicrotion 65 the tending qagea on 

the fuselage and horizontal stabilizers was accoa$.ishrd by t,he same 
me',hsr', used for wing tending c&li:r&tion. 'iI -2 L' . qxrite~ l.zcdir.,* zc3ar was 

allowed to take lo& while calitratinq the f._sela,T an2 emrennase. 
Frxowork 2nd s;Fxatu:: *;sed to a;;i:: the c>,l:rat;;-.; _oads are snow7 
ir. Fig;. 3.17. 
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Shear gages were calibrated coincidentally with the bending 
gages. Calibration consisted of sumning applied loada outhoard of the 

Fig. 2.17 Calibration of I%360 Aircraft Empmage in Structures Test 
Facility of Aircraft Laboratory 

gage location and plotting these loads as a faanction of the galvanozder 
de,flection expressed as a percentage of cal. The only torsion gage uas 
installed -in the left outer wing pnel of the i%36D aircraft. For cali- 
bration, a dead weight relieving load was aptiied so that bending and 
shear stresses, as well as torsional stresses, were reduced to zero at 
the gage iocation. As before, the gage k'as balanced out and calibration 
steps taken, after which a vertical force cou,ple uas applied outboard of 
the gage, such that the leading edge was deflected upward and the trail- 
ing edge domuard and vice versa for the negative torsion calibration. 
&cause torsion was applied by a couple action, the total bending and 
shear ihduced was zero. The torsion applied uas determined by the magni- 
tude of the force coupie and the distance of tie points of application 
frorr the elastic axis. The in-lb of torque &Flied for each load incre- 
neht &as calx&ted, and gage out@, exp1cssed as a rercentqe of cdl, 
was plot’_ed versus torsional :*esponst? in in-lb. 
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2.3.7.3 Point Load Ssatem 
. 

f The National A visory Conmiittee for Aeronautics (NACA) has 
developed and presented in NACA Report TN 2993, a method for measuring 
shear, bending moment, and torsion In the principal lifting or control 
surfaces of an airborne aircraft. This nrethod, as utilized in this in- 
vestigation, is hereafter referred to as the Point Load Method. The 
point load method differs from other plsthods of strain gage instrumen- 
tation primarily in the manner in which the three principal terms perti- 
nent to load investigations, i.e., shear, bending moment, and torque, 
are separated. In the past, strain bridee installations for the meas- 
urement of loads on aircraft have been made using many schemes for re- 
ducing the effects of,~cross coupling and interaction. Most of these 
schemes are still qu2't.e valuable in the field of less complex structures, 
but as the structures beeome more complex, errors increase and the 
principles of these methods become more and more difficult to apply. 

The point load method is based on the premise that, in general, 
the strain along all lines through any point in a structure is a function 
of shear, bending moment, and torque. The point load system consists 
essentially of a method of separating these principal functions. Thia 
is accomplished by a method of calibration and mathematical analysis of 
the calibration data. 

Point loads were applied on 13 points of each semi-span of the 
norizontal tail surface for four different conditions. Combined gage 
equations were then derived from these data. The equations express the 
relationship between the response of the selected bridges and the de- 
sired function. A detailed presentation of how the point load method 
of instrumentation was calibrated and employed to measure blast loading 
is given in NA2A .?eport TN 2993. 

2.4 FELD TESTING P~OCEDuflE 

After the aircraft were ir.strmenteci, as described in paragraph 
2.3, they were flonn to check out the instrumentation abd then readied 
for overseas flight for participation in IJY. The IVY tests, conducted 
at the Pacific Proving Grounds in the Fall of 1952, comprised two shots, 
?!ike and King. i3oth the &36D and the EL-47 aircraft were flown in the 
two IX shots. In the Spring of i9j3, the ir36 aircrait was exposed 
during Shot 9 of UPSHOT-KNOTHOLE tests held at the Nevada Proving 
Grounds. 

The field testing procedure consisted cf two essential parts: 
wsitioning the aircraft for the desired inputs and operation of the 
instrumentation equipment for measurement and recording of the response 
data. The position selected was a point in space where, from predicted 
data, the maximum allowable inPut would be realized if the weapon yield 
reached its upper Emit. To position the aircraft at the point selected 
with a mximum of accuracy and a ~~~~JIIUS of danger required precision 
tti:r.ing and flawless navigation. The procedures emplcyed for exposing 
the two aircraft are given be1o.d. 
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.2.4.1 El-36 Aircraft 

On M.ke Shot, the B-36 aticraft was to be flying straight and 
level at an altitude of 40,OCO ft and heading away from ground zero at 
burst time and shock arrival. Since allowable temperature rise was the 
controlling factor, aircraft position was based on slant range at time 
zero and not at shock arrival. The miniwa safe distance at burst time, 
based on a 20 MT yield, was calculated to be 91,2CYJ ftt; the expected 
slant range at shock arrival thus became l40,OOO ft. Figure 2.18 shous 
the flight pattern designed to position the r(-36 aircraft for Mike Shot. 
Intended positions at time zero and shock arrival are shown. 

The B-36 aircraft left Kwajelein Air Base at 0300 hours on the Y 
morning of shot day and flew to the assigned orbiting area over the . 

Eniwetok Atoll., arriving appro>dmately 3 hours before scheduled shot 
time. The prescribed orbit was maintained by means of radar navigation 
using an I.P. (initial point) on Runit Island. During the orbiting, 
flight instruments such as altimeters and airspeed indicators uers cross- 
checked and wind velocity detero;ined. Knowing wind velocity and the pre- 
scribed rr.aneuver after leaving the orbit, it was possible to calculate 
the exact time, based upon time zero, the aircraft must leave the I.P. 
in order to be in proper position at the time of detonation. With this 
information, and knowing the time required to complete one revolution 
of the orbit, it was possible to determine the exact time the aircraft 
must pass over the I.P. each pass up to shot time. Slight corrections’ 
k’ere made each revolution to keep crossing the I.P. at the calculated 
tin.?. On the last pass the aircraft flew straight over the I.P., con- 
tir:.%ed in straight and level flight for the proper time interval, then 
made a 90° turn to the left and flew straight abay from the vertical 
line through ground zero as shoun in the sketch referred to above. Test 
altitude was maintained for a short pe:iod after shock arrival to permit 
an instrumentation check. 

Beginning in the afternoon of shot day minus one, a complete in- 
spection and functional Check-Out oi the instrumentation was conducted. 
Ail cameras were checked, loaded after sunset, and set for remote con- 
trol operation. Approximately two and one-half .hours before take-off 
time on shot day, another complete instrumentation check-out was begun. 
Lifter t.akf+cff, the inst,r* aentation equipment was turned on and all chan- 
nels checked while climbing to the test altitude of 40,OOO ft. 

All strain channels were ialanced while the aircraft was in a 
leg of the orbit, that is, in straight and level flight. Thus, loads 
measured would be those in excess of the normal (one g) flight loads. 
Balancing of strain gages continued until 15 minutes before time zero, 
at wfiich time a new magazine was installed in the oscillograph. At this 
point all instrumentation equipment wa s operating but the recording 
equipment was not turned on. Pive minutes before time zero protective 
coverings were placed over all windows. Ten seconds before scheduled 
shot tis:,e all recording equipment was activated. The equipment was al- 
lowed to run until at least one minute after shock arrival. X clearing 
run was made about 10 rLnutes after s.lock arrival while the a.L-craft 
was still at the test altitude. 

On King Shot, the second shot of IVY, the B-36 aircraft was re- 
e;cposed in a rr;inner similar to that employed for IXke Shot. The predicted 

$5 



.-
 

_.
_ 

. . 
. 

.-
__

 
. . 

_-
_‘

 r 
_:

.-
.: - -.
 

-.
 _-

_ 
-.

 ._
-.

 
_.

 
--

 ,_
=

 
. 

-.
 .-
:_

 
. 

..=
 . 

.,.
 

A
-i 

a 
:. 

. 
.: 

_-
-_

. -_
. 

. 
_=

__
-.

_.
 

-_
 -.

_.
 

: 
.-

 
*-

 _
 - 

:. 
- .

_-
 

:_
 --

. .
 

_:
 :

. 
_-

. 

. . -
.. 

:_
, 

. -
-.

 .‘.
 

. 
‘.l

_ 
._

: 
-.

 
. 

3 
. . .

 ‘:_-
_ 

-_
_;

_.
 -

 
-w

 
_-

;_
-_

 

::g
.: -:

 
-.

 
- 

_ 
_-

 

i-.
-i ‘i;
 

. 

_-
__

:,T
. 

-:
__

=_
’ 

:. 
. 

._
-.

 
. 

-.
__

-.
I_

-.
 

._
_.

--
_ 

. 
. . 

.‘a
 

. .
 

..;
y-

, 
. -4
 

b \ 
\ 

\ 
. , . 

. . 
. 

, , I 
p.

&
__

_‘
;_

__
 

I 



yield teing considerably smaller for King Shot, the intended slant range 
at zero time and shock arrival was reduced to 34,ooO It and 62,%0 ft., 
respectively. King Ski;t was an air drop and, therefore, it was neces- 
sary to synchronize all maneu lers, time-wise, with the drop aircraft. 
Figure 2.19 shows diagrammatically the planned flight pattern of the 
&36D aircraft for King Shot. Operation of the instrumentation equipment 
uaa essentially the same as that employed for Mike Shot. 

For Shot 9 of UPSHOT-KNOTHOLE, the ~-36 aircraft ZIBS based at 
Kirtland AFB. The position assigned for participation in Shot 9 was 
determined by the allowable load on the horizontal tail. To permit posi- 
ticning at a higher blast input, the weight configuration of the aircraft 
was adjusted so as to obtain a download on the horizontal tail. This 
was accomplished by loading 25,000 lb of bombs in the forward bomb bay 
to qoduce a forward shift in the center of gravity. Accounting for the 
initial downloa&'on the tail, the minimum safe slant range at shock ar- 
rival, assuming a 3l, KT weapon yield, was computed to be 26,500 ft. The 
flight pattern designed to achieve this slant range is shown in Fig. 2.20. 
The test aircraft flew an orbit identical to that flown by the drop air- 
craft except that the orbit was displaced upward 3000 ft and forward 
4820 ft. The test aircraft maintained the proper orbit by using a form 
of radar navigation knom as "station keeping." The “K” system radar 
was used to maintain the desired slant range bet-an the drop aircraft 
and the test aircraft, and an altimeter was utilized to keep the aircraft 
at the correct altitude. The procedure for data recording was approxi-' 
mateiy that employed for NY. 

2.4.2 B-47 Aircraft 

The different structural configuration and performance character- 
istics of the 9-47 aircraft allowed it to be positioned closer to the 
burst point at time zero than was the B-36 aircraft. At burst time and 
shock arrival on Mike Shot, the B-47 aircraft was to be flying straight 
and level at an altitude of ?5,Q!X! c+ arc\ hobdin _" *a ..*---.g directly away from 
groun? zero. If the weapon yield reached the predicted upper limit, the 

* . IWUJIWR allowable temperature would be induced in the 0.025 in. aluminum 
skin if the aircraft were at a slant range of 75,600 St at burst time. 
Positioning on this basis, the resulting slant range at shock arrival 
becomes 181,948 ft. The flight pattern set-up to position the aircraft 
for tne shot is shown in Pig. 2.21. The aircraft left Kwajelein Air 
&se at 0813 hours on shot day and proceeded to the orbiting area east 
of Eniwetok Atoll to begin the prescribed flight maneuvers. hs with the 
B-36 aircraft, the flight plan calied for orbiting until a specified in- 
terval before time zero, then leaving the orbit and executing a 90° turn 
to the left at the proper time so as to orient the aircraft with the tail 
toward the explosion prior to burst time. Before the maneuver was corn- 
pleted, the radar equipment failed causing the aircraft to be out of 
position. 

The three man crew of the aircraft comprised the pilot, co-pilot, 
and navigator, thus allosring no instrumentation engineer aLo_rd during 
the flit:ht. The final Instrumentation check and balancFng of strain 
ch~_qels, therefore, was conrleted prior to take-off. A cozcrehensive 
ir,strzxntation check-out was scheduied ior the day before the test and 
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Fig. 2.22 Assigned Position and Flight Pattern of B-47B Aircraft for K%ng Shot 
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repeated on the sum&g of shot day. After the final check, all switches 
were left in operating position except the oscillograph drive switch. 
At time sero minus 5 seconds, the co-pilot turned on the oscillograph 
drive switch, then turned it off again after a 5 minute interval. After 
landing, the balance was checked before shutting off power. Since the 
strain charnels were balsnced while the aircraft was on the ground, the 
loads measured ticluded the normal flight loads, as well as loads in- 
duced by the blast. The data presented in the results section are given 
in term of loads above normal (one g) flight loads, These loads were 
obtained by using the flight loads just prior to shock arrival as a 
zero reading for the wing bending moment. These values were checked by 
determining total load using the ground balance and subtracting out the 
(one g) flight load. Results from both methods were in good agreement. 

The position selected for exposure of the B-47 aircraft in King 
Shot was an altitude of 35,000 it and a slant range of 54,600 ft at 
shock arrival. The flight pattern is shown in Pig. 2.22. An orbit was 
again employed for synchronization with the drop ship; however, after 
leaving the orbit, a straight and level flight configuration was main- 
tained. Operation of the instrumentation was as explained for Mike 
Shot. 
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CHAPTER 3 

RESULTS,MIKE SHC'T 

The experimental device for Mike Shot was housed in 
located on Elugelab Island in the Eniuetok Atoll. It was 
OS00 on the morning of 1 November 1952. The hydrodynamio 

a structure 
detonated at 
yield was 

reported as 10.4 MT. This yield was considerably higher than the pre- 
dicted most probable yield used as the basis for adjusting instrument 
sensitivity, and as a consequence certain channels of information were 
unintelligiole for a short period after shock arrival because of the c 

wide fluctuations caused by the higher-than-anticipated Inputs. After 
burst the and before shock arrival, the B-36 aircraft was allowed to 
lose approxdnately 1500 ft of altitude in order to increase flying 
speed. The aircraft was leveled off at an altitude of approxinstely 
35,500 ft prior to shock arrival. Position at shock arrival, except 
for the lower altitude, was approximately as planned. Acceptable blast 
respnse measurements were made; overpressure measurements did not evince 
a high degree of reliability. No blast response instrumentation data 
were obtained from the B-47 aircraft because cD 'a_ A Ay= sxceaai7e range at 
shock arrival. 

3.2 AIFGPGFT POSITICI:, IXPUTS, FLIGHT DATA 

Data relative to the conditions of exposure 
given in the sub-paragraphs below. '&ere several 

for emh aircraft are 
measurements were made, 

the best average value is reported. Meteorological data such as the 
magnitude and direction of the wind at the test altitude were not re- 
corded. 

3.2.1 S-36 Aircraft 

Data pertinent to the exposure of the B-36D aircraft in Mike 
Shot are summarized below: 

ba: 
Altitude, EL, 38,500 ft 
Horizontal ranfie at shock zrrival, 127,100 ft 



Slant range at shock arrival, 132,800 it 
True airspeed, 278 knots 
True ground speed, 254 knots 
True heading, 187O 
Aircraft attitude, 4' nose high 
Angle of incidence of shock front, 16.8O 
Shock arrival time, 102.8 set 
Peak overpressure (WADC) 0.33 psf 
Peak overpressure (AFcRCI, 0.224 pi 
Gross might at shock arrival, 232,000 lb 
Center of gravity loca^icm at shock arrival, 36.4% MAC 

The actual position of the ~-36 aircraft relet&e to ground 
eero and assigned position is shown In Fig. 3.1. The position is based 
upo;r data from the aircraft "K" system radar, the U.S.S. Estes radar 
track, IBDA photos, and calculations using time of shook arrival. The 
peak overpressure measured by instnmentatlon aboard the test aircraft 
was 0.33 psi; however, the ratio of signal level to noise level was dls- 
curagingly low and the reading thus obtained of doubtful accuracy. The 
Air Force Cambridge Research Center (AFCRC) calculated the overpressure 
at the B-36 aircraft position from canister data and arrived at a figure 
of 0.22 psi. In view of the suppoeed accuracy of this calculation and 
the lack of confidence in the dire:tly mcisured value, it is reconmended 
that the figure of 0.22 psi be regarded as the more representative ovep 
pressure input. 

3.2.2 g-47 Aircraft 

Etcause of a radar failure, the I%47 aircraft dt shock arrival 
was at a slant range 25 per cent greater than that intasded. From avail- 
able data., it has been estimated that the aircraft was att a slant range 
of approxLm&ely 224,000 ft at shock arrivnl. The assigned altitude of 
35,000 ft. was maintained. No blast response data were &tained; as a 
result of the increased range, the oscillograph recor&tg paper was ex- 
hausted before shock arrival, approximteiy 189 set af%er burst time. 
The AFCRC calculated that the peak overpressure input xalized by the 
test aircraft was O.l4 psi. Thus, even if the response data had been 
recorded, the loads would have been so mall as to rertrlktr the data of 
iittie v&ue. 

3;3 

Blast response masurements presented below are f?mnr the B-36 air- 
craft only, since malposition resulted in no data for ti& B-47 aircraft. 
Only those data deemed reliable have bean presented. Er, a few instances 
where positive trace indentification could not be ruade,tie curves are 
presented in dashed form. The data are presented as 
zero time was taken as the time the shock struck the 

3.3.1 Eendinn Moment 

Curves of bending monrent above normal flight 
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presented for the.wings, fuselage, and horizontal stabilizers in Fig. 3.2 
through Fig. 3.W The first 0.15 set after shock arrival are shown as 
a dashed line for the bending moment of the left horizontal stabilizer, 
Pfg. 3.8, because the trace could not be followed continuously through ’ 
this interval, All bending gages yielded acceptable resulti. 

I 

3.32 Acceleration 

Tail, nose, ahd center of gravity acceleration records are pra- 
sented in Fig. 3.9, Fig. 3.10, and Fig. 3.U, respectively. The wing 
tip accelerometer provided no usable data. Because of the wide, rapid 
fluctuations of the acceleration traces at shock arrival, the traces 
could not te..,read with any 
These curvdhave not been 
for certain analyses. 

3.3.3 Shear and Torsion 

degree of accuracy until 0.4 set had elapsed. 
faired, although some fairing is indicated 

0 

No shear or torsion data were obtained. The shear gage nas 
operative prior to the test. The torsion gage output was recorded, 
the data obtained were not reliable. 
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Zig. 3.1 Position of 536D and E?-478 &craft for Hike Shot 
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Fig. 3.2 Wing Bending versus Time after Shock Arrival, Left ‘ding Station 
390, a-36D, Hike Shot 

Fig. 3.3 

0.b 0.6 0.8 1.0 1.2 1.b ‘i 6 1.0 2.0 1.1 2.b 

tm 15p, 

+ibg bending versus 'i&e after Shock =,-rival, Right xti.g Station 
390, b-;36D, Mke S?.zt 
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Fig. 3.L. i;ing Eendicg vers'J9 Xne a fter Shock Arrival, Left Wing Station 
UC;, ~-3O~, Yike S&t 

0 0.. GA C.t 0.1) A.0 :.a 1-b 1.b 1.8 2.0 a.1 2.A 
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0 0.2 0.6 0.6 0.0 1.0 1.) 1.4 1.6 1.0 1.0 2.1 1.4 

mm (SE) 

Pig. 3.6 i;Fng Sending versus Time after Shock Arrival, Left Wing Station 
lC62, &36D, %il:e Shot 

0 0.2 0.1 0.6 0.8 1.0 1.1 1A 1.6 1.P 2.0 2.2 
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Station 1040, b-?6D, Eike Shot 
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Fig. 3.11 Vertical Acceleration versus Time after Shock Arrival, E-?6D 
Center of Gravity, Fuselage Station 901, Xike Shot 
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RBULTS, KING SHOT 
9’ 

4.1 CEllEM 

The King Shot weapon was dropped on the Runit Is1ar.d target by a 
EL?& aircraft at 1000 ho;lrs on 16 November 1952, The burst height was 
approximately :LSOO ft ana the radiochemical yield was 540 KT. Both test 
aircraft were exposed to the weapon outputs. The B-36 aircraft was at 
a greater range than intended; however, usable response data were ob- f 
tained. 

4.2 AIRC,RAFT PCSITICII, DiVTS, FLIGHT DATA 

Supplemental data relative to the exposure of the b36 and B-47 
aircraft in King Shot are sunmarized in the sub-paragraphs below. A 
diagram showing the location of each aircraft for King Shot is shown In 
Fig. 4.1. 

4.2.1 E-36 Aircraft 

Data required for analysis of the response meaeurements trade on 
the B-36 aircraft during King Shot are wxnarized below 

Altitude, EL, 32,OCG ft 
Height of burst, 1500 ft 
Horizontal range at shock arrival, 85,200 ft 
Slant range at shock arrival, 90,5cjo ft 
True airspeed, 237 knots 
True ground speed, 252 knots 
True heading, ?O” 
Aircraft attitude, 40 nose high 
Angle of incidence of shock front, 19.70 
Shock arrival time, 77.2 set, 
Peak overprescure (WADC) no reliable data 
Peak overpressure (W&j, 0.16 psi 
Cross weight at shock arrival, 260,000 lb 
%r,ter of gravity location at shock arrival, 35.9% YAc 
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The aircraft position at shock arrival ma 28,OCG it farther 
from ground ZOFO than originally planned. The wLde discrepancy is at- 
tributed to the failure of the “Kw system radar. The position quoted 
Is based upon calculations using tims of shock arrival and upon crew 
estimate. At shock arrival the aircraft was out of range for the radar 
aboard the U.S.'S. Estcs; hence no radar track data wore obtained. No 
reliable overpressure data wre obtained from Instrumentation aboard 
the &craft, primarily because of the low input level. 

4.2.2 B-47 Aircraft 

Data, other thsn response 
of the &43 aircraft in King Shot 

measurcmsnts, pertinent to the exposure 
are summwized below 

a. Altitude, EZ, 35,OQO ft 
b. Height of Burst, 1500 rt 
C. 

d. 
0. 
1. 
!I* 
h. 

:: 

1”: 

Itorlzontal range at shock arrival, 26,coO 
Slant range at shock arrival, 42,760 ft 
True airspeed, l&O knots 
TNE ground speed, 4l.2 knots 
True heading, 68O 
Aircraft attitude, lo nose high 
Angle of incidence of shock front, 51.4O 
Shock arrival time, 32.2 see 
Peak overpressure (AFCRC), 0.336 pot 
Gross weight at shock arrival, 120,ooO lb 

It 

Measurements made on the blast response of the S-36 and B-47 air- 
craft in King Shot are presented in the sub-paragraphs below. All data 
are p:*esented as time-histories with only the obvious, mall mplitude 
oscillations fair& out The tize axis is based upon time of shock ar- 
rival at the tail. To”&.ain time relat:ve to burst time; for the B-36 
aircraft add 7’7.2 set; for the %47 aircraft add 32.2 sec. 

4.3.1 E-36 Aircraft 

ijecause the Z-36 aircraft was too far from air zero on this 
ahot, the forcing functions, ar.d therefore the mecrsured loads, were 
lower than anticipated. The d&ta are of value; houever, their utility 
in checking the blast-load theory would have been greatly enhanced had 
the responses been several-fold higher. The peak measured bending moment 
of tha horizontal stabilizer was only 12 per cent of limit load. 

4.3.1.1 Bend inn koment 

tiending moment measurements are presented in terms of bending 
moment above, for Lelow, normal (one b;) flight loads. *iing, fuselar:e, 
and horizxtal sticilizer berx!ir.g measuremusts are presented in Figs. 4.2 
thrcugh 4.7. .~cceptohl,e :*estits were obtained from all bending gages, 
excePt the root Le:.:Lnng (rage on the lef% *ml This gage was found in- 
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FQ. 4.2 wing i&dhg versus Time after Shock bdval, Left Wing Sta- c 
tion 390, E-361>, King Shot 

: .I : 
.’ .a 

: . 

.‘. 

. :_ 

.‘. 
*‘. 

I 

. - 

Fig. 4.3 

0 0 l . 
. .‘_ 

'ding i;endjp.r?; versus Time after Shock Arrival., Flight wine; St+ 
tion 392, b-360, Kin,: Shot 

-. 
. .’ 

,.. 
. .. 

. 

_.. 

-.- 
*_ : 

.* . 

I 

__ 



f 
/I h I I I I\ 

I\ I I /I I\ I 

.lO- I I I I I I I 1 4 

0 01 0.L 0.C 0.b 1.0 1.2 l* 1.6 1.6 2.0 2.2 2.4 

Fig. 4.4 ::‘ing .aendkg versus Time after’ Shock Arrival, Left wing Sb- c 

tion 604, &36D, King Shot 



-0 0.2 0.6 0.6 0.8 1.0 1.2 1.b Lb La .2.0 2.2 2.b 

TImbu3 

Pig. b.6 Fuselage Bending versus Time after Shock krr%..al, Fuselage 
Station 1040, S-Z&D, King Shot 

:a_. 
_*. . :, : 
. . _. 
:a.. 
,a.‘. :, 

:* ‘, 

; :. .‘. 

t 7’ 

_:*_:. 

-. a.’ 
.*_ :._ 
_. - - _ 
._ : 

; ‘. 
* . - 
.-_.- . 
; . . -_ . 

t 
: .; - 

-. - 
:. ,-., 
_ _ : 
. ‘_. 

_=*. 

Fe... 
.,:._. 

i’:‘1 

* -_ . . 
. . I 

: ‘. 
_,.-. 

. 

Fig. l+.7 Stabilizer Elending versus Tize after 
zontnl Stabilizer Station 52, ij_36D, 

66 

1.6 1.S 2.0 2.2 2.4 

Shock Anrfval, Left Hori- 

*_* : 
. . . -. ..,. 

i - 
7.; . 
. . 
. . ..:. 
:*.. *.- ._' 
:_::_ 
:_ : 
: -: :-; 

_.. . . 

l 0 l 8 

‘... ,. _... _I:. . ,‘. 

a 

;. . 

0 l e 0 
: 

: ._’ 
. . . . ..__ ‘. 

.__. 

I L 



\ 
\ 

0 

Fig. 4.E Vertical Acceleration versus Time after Shock Arrival, EL36D 
Tail, Fuselage Station 1770, King Shot 
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Fig. A.3 ‘IerticaIL Acceleration versus Time after Shock Arrival, E3-JCD 
i;OSe , Fuselage Station 212, King Shot 
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operative prior to take-off and no recording was ittempted. 

i ’ 

. 

1.3.1.2 @eleration 

Normal acceleration data for the tail, nose, and center of 
gravity are presented in Figs. 1.U through Lll. No usable data were 
obtained from the accelerometer in the left wing tfp. The sharp spikes, 
characteris,tic of acceleration measurements of this type, have not been 
fai red out. 

L.3.1.3 Shear and Torsion 

both the shear gage and the torsion gage in the left outer 
wing panel uere inoperative prior to the test; hence, no data for these 
responc+ functims were obtained. 

L3.2 a-43 hircraft 

The 547 aircraft was essentially at FntenZed position at blast 
arrivcl. The four response channels all produced usable data, ?3e wing 

bendizg ZIO?I.C~.~ measurements are presented in Figs. G.12 and 4.13; the 
vertical acceleration measurements are presented in Figs. 4.U and,!+.15. 

c 

I 



c-5 

I;i’ RESULTS, SHOT 2 

The Shot 9 weapon was dropped on the Frenchman Flat testing area 
by a B-50 aircrtit at 0’729 hours (PST) on 8 Kay 1953. The burst height 
was 3&2$ft aaove ground level or ?55S ft. CiL. The yield by radiochemi- 

. . 
cal deteaatlon was found to be 26 KT. The E-36 aircraft took part in 
this test; the E-3-47 aircraft did not. because of the lower yield, the 
test aircraft was positioned closer and more nearly over the burst point 
for Shot 9 than was possible with the larger yield wuapons in the IVY 
tests. In the position chosen, the aircraft received both the incident 
and reflected shocks. The response to the two shocks was remarkably 
SimilW. kmd blast response data were obtained. 

Znfomation pertinent to the exposure of the ti36 aircraft in 
Shot 5 is surazarized below: 

a. 
‘” u. 
C. 

d. 
e. 
r. 
g* 
f-i. 
1. 

:* 

k. 
1. 
3. 
.Yl . 

Xlt itude, EL, 25,135 ft 
*i:eapon tlx-st hei;ht, 2.23 ft &o-.-e qrcuzd level, 559 ft !%?. 
Eor:zontal r;t”i -e at shock arrival, 14,YYI ft 
S:ar,t m-,:e at first shock arrival, Li+,790 ft 
:‘rue ai.rspeed, 262 knots 
“rue h7round 5 Feed, 195 knots 
True hc~ndiw, Z50° 
Aircraft attitulie, 2,5O rose hi,-h 
Ar-.rlle of incider.ce of z.‘lock front, 5L.80 
Shock arrival ti.e, first shock, X.07 set; second shock 
25.$? set 
I‘esk o*lerpress*lre (UAX), a.15 T-S% (first shock) 
T,.,k ovrrrrre*':l,"" (A;= :ir :/ ) 0.145 rsi (first sha-k) 
:;::u lC.L% ;r35:. wo?,;rt, ht. :I;o,:r( zriv3r, Z&,543 1s 
*_..:-f '*- - j:’ ,.:.i., _t.: _3,::;*_;.:r. .;: >:.J’:< ,i_-rivai, 22.:’ b .YAC 
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system radar, aerial mapping camera Fhotographs, calculations using tti 
of shock arrival, and from optical ground tracking data. The actual 
position was essentially that intended. Tbr measured overpressure of 
0.15 psi agreles reasonably well with the ca&xlated value of 0.165 psi. 

f 
, 

5.3 RESMhSE KEA!XlRLMB4Ts 

The blast response measurements made (II the B-36 aircraft during 
Shot 9 are presented in the sub-paragraphs Wloving. Measurements on 
the tail were made according to two iwtrwantation procedures arbitrar- 
ily defined as the point load method and t.hs conventional or distributed 
load method. The response data obtained bp the two methods were in good 
agreement. In the plotting of the data as tizw-histories, the time axis 
has been brok:en such that the first and seamd shock appear one above 
the other for ease of conparison. Zero tize was taken as time of shock 
arrival as in the Hike and King presenta-. 

5.3.1 Eendina Hcinient 

Curves of incremental bending momat above “one g” flight loads 
as measured by the conventional method are reported in Figs. 5.1 through 
5.7. The stabilizer bending momenta &awed by the point load method 
are presented in Figs. 5.8, 5.9, and 5.10, The left wing bending nu&nt 
at 3tation 300 has. oeen reported, Fig. 5.1, although it is believed this 
value is in error. The reasons for suspcpftig this measurement are set 
forth in the Discussion. Except for the above, all bending gages yielded 
data considered va!, id Point load bending data were in general agree- 
nent with conventlonahy measured values. 

5.3.2 Acceleration 

iail, nose, md center of gmrit;.?O1381 sccFlarsti?n dnta B..rt? 
presented in Figs. S.ll, 5.12, and 5.13, mpactively. Wing tip acceler- 
ations melsureuients were not made. Sharpspikes were not averaged, but 
reported as read from the records. 

5.3.3 Shear 

Sheas was nassured on the horizon?A_ stabilizer by the point 
load method. From a cursory comparison, 2he shekr data are in agreement 
tith vhat would be expected on the basis -ti bending measurements. The 
shear data are presented in Figs. 5.1~ tlnaugh 5.16. 







































weto redrawn to favor the lower value, the remltizg curve wuld neither 
t’ollow the trend established bU ~r 26 otnet two curve5 nor rep:rescnt what 

a 

Fig, 6.1 Peak Fositive ‘iiing bending Koments Measure in Mike, King, 
Shot '3 Flatted versus iii_ng Station (Kxprcssed as Distance 
Inches from Aircraft Center Line) 

and 
in 

c 

would losically be e.qected. In View of the itbove, the dati3 from the 
st:.tion 390 installation on the rir;ht. win.* is regarded as the correct 
measurement for Shot 9. 

The curve for Shot 9 rises somewhat i:;or'? sherply at the inboard 
ctttions than wnat mi,:ht be eiqected frra the ::!:a;r of the !!ike curve. 
It should he remembered, however, that in Shot 9 the aircraft was ex- 
possd to a bomc of considerably lower yield at a psition xhere the angle 
Of kJhst tiCi,aexCe Ma3 closer to the nougat, In 44ition, the weight 
confif:uration xas such that more weight was con-entrstcd in or near the 
fuselar.;e for Shot 9. This was accomplished by lo:tdinc 25,000 lb of bombs 
in the forward bomb bny and carrying the ::til jority of the fuel in the ln- 
board tanks. A theoretical evaluation of tho effect of the above dif- 
ferenca should explain the apparent deviation. 

The peak kending moments measured wero, in renoral, quite low with 
tha hie,hest somewhere in the neighborhood of 1.0 per cent of limit load. 
The low values did not materially affect the instrumentation accuracy. 
The over-all sensitivity was sufficient to Iiruvide itdeouate ealvanometcr 
deflection, and t:he resultarlt 2 ..t;t are i clif:vc:d t.c ;IWSCSY the accuracy 
:*c.r8r;r.:Ll ly 
fli,:ht . 

httri;ctd to t.hc rx&:uren:ent of :\ircr:hft ::tructurbl loads in 

92 
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6.3 STj,bILIZER tE:DIXG 

The time-hiotory curves for bending measurements made at station 62 ’ 
of the horizontal stabilizer during Hike and Shot.9 are shorn in auper- 
position in Pig. 6.2 to facilitate comparison of the two responses, To 

. obtain a clearer presentation, the curve for King Shot wae omitted; how- 
ever, since the stabilizer response in King Shot was similar to that of 
Mike except for amplitude, comparisons of Hike atfd Shot 9 will suffice 
to show general response differences. As shown in the figure, both 
curves show the characteristic double peak followed by a l.ower peak. 

. Furthermore, the peaks occur at approA+tely the same time in both 
curves and are displaced Prom each other at approximately equal inter- 
vals, suggesting, the peaks correspond with the natural frecuency cf the 
stabilizer. Thus, the regularity and sirilarity of response obtained 
in the three independent tests lends trtrong support to the conclusion 
trra: the d<:ta represent actual tending stresses Induced. 

Other than mJ,gnitude, the only essential difference betwc+n the 
Shot 9 and Xike responses is the relatively high negative bending moment 
measured in Shot 9 and undetected in Mke. The return to zero after the 
positive pulse was more gradual in Hike and no appreciable negative bend- 
inC: rcment wan attnined. This difference in stabilizer resp>nae is at- 
tributed rrirnarily to the difference in positive phase duration of the 
shock :.ave on Kike and Shot 9. The longer positive phase in Mike Shot 
caused the upload on the stabilizer to to maintained for a longer time,+ 
there: y inhib iting the natural spring-back of the stabilizer. because 
of this effect, the ‘yeak neK<itiva tendin; moment was both delayed and 
of a low snrlitude. The I;;BXUTUI Lending moment recol ded was during Hike 
Shot of I’#-f. This value represented 1,s per cent of the present design 
limit load. During UFSHOT-G;OTH’J.E, only 24 per cent of design limit 
LOSd ‘a iLi r+:aI 1 Zed , However, ::s explained before, these values are based 
on t.‘;e r.ew 4e:‘i,;n Limit ioad th&t was verified after the tests. If the 
old limit load were used, their values would have been much higher. 

‘?P i:w?tiinT m!w:ents metlsured on ti,e horizontal tail.. of the EL36D 
aircra:‘t u:;ir?i: the oonventtonsl method were in good agreement with the 
point lotid method. For Shot 3 t!-.e bendin,; moment measured at station 62 
on the .-iF:ht stabilizer uas sl i;htly lower than that measured on the left 
for oofh the convantional and point load method, The shear, measured 
oniy b;? the pint Load system, 
ht ;t;tion 52 left. 

is aiso iower <ii station 62 right than 
‘There c;pg -..-. - several r.ossible explanations for this 

difference in measpJred lo::ds. The most proo&le explanation is that the 
test aircraft was not pointed directly sway from the expYiosion, thereby 
giVk?,: a Side lOWi on the vertical fin th::t wax transmitted to the hori- 
zontal stabilizer. k load on the it.ft side of the vertical tail would 
tend to increase tire bending rr.ot:ent ori the left horizontal tail and de- 
crease the bending moment on the right horiaontdl tail. 

Since the loads me:isured 
agree; i.e., both methods give 
believed that the measurements 
reason for the difference. 

by two completely independent methods 
hiehcr values on the left side, it is 
are correct and that therle is a definite 
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The aft fuselage .bending moment measurements obtained at station 
1040 on the B-36 airc&ft for the three shots are shown as superimposed 
time-history curves in Fig, 6.3. From the figure it can ble seen that 
the curves for Mike and King are quite similar, especially in the early 
portion, but differ in t!A.s region from the Shot, 9 curve. The peak posl- 
tive value is reached at approxirrately the same time, 0.18 set, op all 
three shots; however, the Shot 9 curve swings negative earlier and 
rcazhes a considerably higher negative value. The response curve for 
Shot 9 is also more regular, having no secondary peaks in the first posi- 
tive swing. 

The differences noted above are not unexpected if it is assumed 
that the fuselage bending stresses, at least initially, are primarily a 
function of the l,oads on the horizontal stabilizers. It was noted in 
paragraph 6.3 that after the first positive peak the horizontal stabi- 
lizer bending moment for Nike and King remained positive for a longer 
time than it did in Shot 9, and, further, in Shot 9 a considerably higher 
ne,:ative bending moment was ostained. The duration of the first positive 
swing of the stabilizer in Shot 9 h’as sufficiently short so that it was 
approximately in phase with the fuseiage, thus helping to produce the 
large negative fuselage bending moment observed. The longer duration 
of the llpload on the stabilizers during Mike and King shot ret.arded the 
downtending of the fuselage causing relatively lower negative bending 
moment 5. It is therefore concluded that the observed deviation repre- * 
sents no reason to cuestion the validity of the curves presented. 

%s acceleration measurements r.ade on the three different shots 
were r.Qt .zery similar , exe ept for the undesirable high frequency oscil- 
lations characteristic of impact loading. These high frequency oscilla- 
tions are caused by the vibration of the particular structural. member to 
which, the accelerometer is attached. The desired iiie&surement is the net 
azcelcration of this roember, i.e., the over-all reaction of the aircraft 
at the accelerometer losaticn. If the reaction of the member is such 
that t.he net vertical acceleration is considerable in comparison to the 
vltra’icnal acceleration, it is possible to obtain ‘the desired accelera- 
tion LY zraphically averaging the original curve. If thd? relative magni- 
tude of the undesired oscillaticns is too great, the averaging procedure 
is imrossibie or at best questionable. In IXke Shot the oscillations 
were cf such a magnitu5e an2 frequency as to render the .initial position 
of the traces unreadable, After the spurious oscillations diminished, 
the trzces became readable and yleLded good data. The b.last input on 
Kin!: Shot was too 
to Xikcj Shot, 

low to prsvi;fe acceleration data of value equivalent 
From an over-all standpoint, Shot 9 provided the best 

acceleration me-surenents ootained. 
The readable portion of the I-Xke ac:elevation data show that the 

nose, tail, knd center of L:ravity a zselerations were rocghly iti phase 0.4 
ccc ::fter shock arriv&l. Jir.29 in ::i%e Shot the blast iiave struck the 
tail tefore the hiyqs, on<: ,:sul2 e:::rec a ?itc!:ing notion to result, If 
t,ni% /ii:! oc*zur ( hccei~:.htiz*~ I; ta . . ;;r e unavaila5le), the r;.otion da~psd 
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out In l.eS8 than 0.4 sec. Wuweaa a complete t&m-history of nose, Wl, 
uzb csr.ter of gravity acceleiations were obtained on King Shot, the low 
response 1Mts the oaluc of the data. The high amplitude fluctuatims 
w&a determination of an average value for the early portion rather 
questionable, and the lower oalues thereafter a4re of limited utility. 
It should be possible to draw realistic average txu=ves from Shot 9 ac- 
celeration data adequate for data correlation purposes. For lmtmce, 
a smooth curve verjr similar to an overpressure time cume for l blast 
wave can be dram through the Shot 9 cmter of gravity acceleration 
data. 

6.6 SIRNARY 

Prior to IIE, the measured structural responses of test. aircraft 
and the theoretical analysis indic&ted thht no-y the wing is the 
most critical component if the aircraft is flying directly toward or 
away from the burst poLnt. However, the loads measured on IVY and UP- 
SHOT-KXCTHCLE definitely establfshed that the most critical component 

of the 5-36 aircraft for a tail-cm exposure was not the wing,, Based on 
the initial alloxable tail load (38,200 lb), the horizontal l~ail ma the 
most critical; however, using the new allowable load (63,ooO lb), there 
iS considerable doubt as to *hich component, aft fuselage or horitmtal 
tail, L3 the most critical. 

c 

* 

Prom the Loads measurL; on these tno operations, the most critical 
component cannat be definitely de:crmined. The horizontal tail loads 
were approximhtely 50 yer cent 0 I design limit, and the loads measured 
on the fuselage were amrotiteiy 40 per cent of design limit. Howver, ’ 
the fuseiaqe loads tiere measured at a station tiich may not be critical. 

. 
tiefore the most critical component c&n MJ determir.ed, the data presented 
in this report must be used to ;-erform a complete analysis of the aft 

i'use;aq section reapowe. These c;;.ta then should be verified by ir+ 

1'1;ght measurements at the critlta: station?. In ;er.eral the theoreti- 

cally predicted loa<s for the iring sectior of the 6-W aircraft were 

:.n azreenent tith the measureo'loads. Tke predicted loads for the aft 

!'-selqe anu tail section, ho,*ver, were low for G_Y and high for UPSHOT- 
:;I;CIH8?z_ There hss been a dyrsz.i: analysis conoucted on the wing e ;c- 
!.ion of the ;i-?tiiI aircraft but r.x, on the alt fuselage or *~-ail section. 
::ecazse ,-ust induced Loads ca?lSe acceleration and viiiration of the ela3- 
4.4, -; ___ 6ArF‘l.ane structure, the meT.r.& of d:mamio ar.a.Iysis must be employed 

fGi afiFil:;ti: de:errr.h,?sti:r. :f s:z:tw;ll L3aA3 Z-ierefore , a complete 
d:r.~.i7 analysis is reouired for accurate ;&diction of aircraft loads 

ez:Tcntered in the vi:lr.ity c:‘ i r.;lzle,ar explosion. 

In Fig, 6.4 the r..?rr.aL -_e-.*cfp 2f . _ . p6vit.y acceleration and the wing 
r=ot ceniiln,; moment are presentcl fbr 2ox;arison. it can ie clearly 
:seen from Cils f&w-c thdt tr.e -L-.F ‘bendin< mssent and r.omtl accelera- 
,tion are of the s&-e frquency i7.i relr;tive magnitude. Theoretical 

,anaIiycis hhs s'nohn this is an eq-e:teC .orreiation. 

Tire 10&s mt?tSUiod frcn t:e L:rc*u..d-reflecteci shock wave on the 
,horizontsl stibilizer an:! hft fasel~~:e wetie hi:ner than those from the 
direct s’no.:‘k ‘liave. This fact cti :e seen very clearly in the Shot 9 
re5;cr.ze ddti3 rresmte? in \;l:.bzter 5. It &so :an ce seen froc these 
tLze-.zi:j’3ries ‘,h:.t tne v;Lrb- .C? fr”l :r.e direc: chock wave had not 
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completely darqed out at the tire of tharaflected shock arriva.f, i.LL 
seconds later. The timing was such thiit the response to the reflected 
shock was in phase with the vicretions produced by the initial shock, 
thereby producing higher loads for the second shock than the first. 
Although this couplinq effect caused only a small per cant Increase in 
the total load neazured, there are conditiom where the effect c&d be 
considcrat;y ,x-eater. 

The blast loads measured on the b-17 aircraft tid presented in 
thir report substantiate the theoretical pnd:CtiOn that for straight- 
ovatr weapcn detli-zerf, therxl, net blast, criteria are controlling. 
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ciwm 7 

CO?XWSTo)tS AND -:DATIOW 

7.1 ~CLUS?Qx3 

Prw the data pmaenteci kr this mport it is concluded that! 

1. Tho aircraft lo&d* presented will petit the eorr&atlon, wri- 
fication, and fl necessary the mvirlon of the present bloat/load thoor) 
for loads up to 50 pt cent desim lferit. 

2. The aircri& load8 presented are valid, accurW,e, tuwt good 
rcjwatabilfty and correlation, and are of sufficiunt quantity and qurility 
to ::e used with confidence. 

t Re noirt critical component of the a-36 afrcndt for tail-cm 
wst l&ng is either the horizontal tail or aft fuselage. 

L. There is A definite requirement far a complete dyrumic andlysis 
on the L-36 aircraft. 

5. P&i 3 ir. ;: of the responses from the dimct and reflected sho,ck 
waves and the tot&L tine interval ‘betmen shock8 can be imwwtant factor8 
in the gust lo&ding of an aircraft. 

5. Fcr straight-over delivery techniques, blast l&fn; will :not 
xzdt a! !!!a- d slive:y c2pabfiities Of sf.7 airCt&ft, 

It is reccznzezded tbt: 

1. T;:e aircraft 1~~2s presented be used to correlate, tnd if 
necessary revise tie present olhst/load theory. 

1. A coaF:ete dj?is,-2; a;;a+jis te conducted on the S-36 type air- 
craft. 

3. The zest critical corzmnent of the b-36 aircraft be defined 
and ii n’ezessary additirnal loads :e rrcisured for verification. 

L. A study ‘re Lnitikted ty '&3: to define the cor.ditions under 
whi::? tfx coupling effect tetaeen the initial and reflected shock waive8 
becom critical. Also , th-t the prothcility of this occurrerxe IX ex- 
plored and if this occurrer.ce is realistic for wea?n deliver-y, that it 
be added to the “Iewibilfty’! dia,:rams. 

5. The inforrration in this reprt be rr;ide available to the 
CFrztic.nal Analysis Section of the Strategic Air COW. 
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